Multiwavelength Very Long Baseline Array observations of a sample of 49 extragalactic radio sources selected from the Micro-Arcsecond Scintillation-Induced Variability survey are presented. These observations are intended to provide a sizeable, uniform data set for the investigation of angular broadening of scintillating sources. These data will be used to compare and contrast the scattering behavior of scintillating and nonscintillating radio sources in subsequent analysis. We confirm earlier analyses that found scintillating sources to be more core-dominated than nonscintillating sources.
INTRODUCTION
Intraday variable ( IDV ) sources are compact, flat-spectrum, extragalactic sources that display intensity variations, at centimeter wavelengths, on timescales on the order of hours (e.g., Quirrenbach et al. 1992) . If interpreted as intrinsic variations, these intensity fluctuations would require extremely compact, and therefore extremely high brightness temperature components within the sources. Alternatively, these variations may have an extrinsic origin and result from constructive and destructive interference of the radio wave fronts produced by refractive index variations in the ionized material along the line of sight. There is now compelling evidence that the IDV phenomenon is largely of extrinsic origin, i.e., density fluctuations in the interstellar medium induce refractive index fluctuations, which when combined with the relative motions of the scattering medium and Earth, produce intensity variations or scintillations. Time differences of up to 8 minutes have been measured in the variability pattern arrival times at widely spaced radio telescopes for the three most rapidly varying scintillators PKS 0405À385 (Jauncey et al. 2000) , J1819+3845 ( Dennett- Thorpe & de Bruyn 2002) , and most recently PKS 1257À326 Bignall et al. 2004 Bignall et al. , 2006 . In addition, ''annual cycles'' in the variability characteristics have been determined for five prominent IDV sources, 0917+624 ( Rickett et al. 2001; Jauncey & Macquart 2001) , J1819+3845 ( Dennett- Thorpe & de Bruyn 2003) , PKS 1257À326 Bignall et al. 2003) , PKS 1519À273 , and B0059+3845 (Jauncey et al. 2006) . Such an annual cycle arises through the changing relative velocity of the turbulent interstellar medium ( ISM ) and Earth in its motion around the Sun. Annual cycles are an important tool for understanding both the source structure and the behavior of the ISM ( Macquart & Jauncey 2002) .
In order to exhibit interstellar scintillations (ISS), a source must contain a component that is sufficiently compact (analogous to ''Stars twinkle, planets don't'') that its angular diameter is comparable with or smaller than the size of the first Fresnel zone of the scattering screen, i.e., on the order of tens of microarcseconds at frequencies near a few gigahertz, e.g., Walker (1998) . Consistent with this requirement, Ojha et al. (2004a) have compared sources that display ISS with those that do not and find that the scintillating sources typically have smaller diameters than the nonscintillating sources. This result is particularly interesting given that these Ojha et al. (2004a) observations compared the source structure on milliarcsecond, not microarcsecond, scales.
It is not yet clear whether the absence of ISS in a source is itself an intrinsic or extrinsic effect. Extragalactic sources might be expected to have a range of intrinsic diameters, in which case only the most compact would be those that show ISS. Alternately, interstellar density fluctuations produce a rich range of observable phenomena ( Rickett 1990) , of which scintillations are only one manifestation. Another interstellar scattering effect is angular broadening. The magnitude of angular broadening depends on the spatial distribution and level of density fluctuations within the ionized medium. If there are multiple ionized media or an extended medium along the line of sight, then even modest amounts of angular broadening could produce apparent diameters of sources sufficiently large that the sources would not display ISS. At frequencies above the ''transition frequency'' (typically 3-5 GHz) in the weak scattering regime, the apparent size of an extragalactic source increases as k 0.5 . However, in the strong scattering regime below the transition frequency the angular size increases more rapidly, proportional to k 2 . It is in this strong scattering regime that the effects of angular broadening are expected to become accessible to ground-based VLBI.
Recently, Lazio et al. (2005) have measured low-frequency diameters of a small sample of 10 high-latitude extragalactic sources. They found that at least 70% of their observed sources had angular diameters that scale as / k 2 , a clear indication of angular broadening through scattering. However, the amount of scattering implied by the observed angular diameters was in excess of that seen toward high-latitude pulsars. Lazio et al. (2005) considered various origins for this apparent excess scattering outside the usual ISM, namely, an extended Galactic halo and the general intergalactic medium. They concluded that if such scattering were to take place outside the ISM, then the implied scattered angular sizes at centimeter wavelengths would be so large as to prohibit ISS.
The Micro-Arcsecond Scintillation-Induced Variability (MASIV) survey ) was a comprehensive effort to assess the incidence of ISS in a large number of extragalactic radio sources. None of the sources common to the MASIV survey and the Lazio et al. (2005) observations exhibit ISS, consistent with the notion that the excess scattering along the line of sight has quenched the scintillations, but the Lazio et al. (2005) sample is quite small. This paper presents observations, over a wide wavelength range, of a much larger sample of 49 extragalactic radio sources drawn from, and meeting the selection criteria of, the MASIV survey in order to compare and contrast the scattering behavior of scintillating and nonscintillating radio sources. In addition, these data supplement the structural information on scintillating and nonscintillating sources presented in Ojha et al. (2004b) . Thus, these data allow further study of the milliarcsecond scale morphology of both classes of extragalactic radio sources, e.g., Ojha et al. (2004a) , especially in the context of the limits on angular size imposed by the presence of ISS. A subsequent paper uses these observations to assess the impact of scattering on these sources.
OBSERVATIONS
Observations of 49 MASIV sources were made during three 16 hr experiments on 2003 February 17, 22, and 24 using the National Radio Astronomy Observatory ( NRAO) 6 Very Long Baseline Array ( VLBA). All observed sources, roughly evenly divided between scintillators and nonscintillators, were selected from the MASIV survey. The 28 scintillators are among the most highly variable sources in the MASIV sample with a minimum modulation index of 2% with some sources having a modulation index above 5%. The 21 nonscintillators were among the least variable sources with modulation index no higher than 0.2%. In order to ensure sufficient signal-to-noise at the lower frequencies, all sources had a MASIV measured mean flux density (at 4.9 GHz) of >0.3 Jy. All sources were chosen without regard to their Galactic latitude or longitude.
The observations were made at five frequencies: 0.33, 0.61, 1.6, 2.3, and 8.4 GHz. All 49 sources were observed at the lower three frequencies, but only a subset of these sources were observed at the two highest frequencies. Additional data were obtained from the United States Naval Observatory ( USNO) Radio Reference Frame Image Database 7 ( RRFID). This includes 2.3 and 8.4 GHz observations of sources that were not specifically observed here (with the exception of seven sources for which RRFID data were incorrectly assumed to exist). In addition, it includes images of several of these sources at 15 and 24 GHz. Any analysis of this combined data set should bear in mind that the RRFID data are not cotemporaneous with the rest of the data. A summary of all observations used in this paper is presented in Table 1 . The first two columns list the sources using their J2000 and B1950 names. The third column identifies each source as a scintillator or nonscintillator, based on MASIV results. The last seven columns indicate which sources have images at the respective frequency bands. In this table the letter B is used to indicate an image from our observing program. All RRFID images are labeled with the letter R followed by a number indicating their epoch.
Observations at 0.33 and 0.61 GHz were recorded simultaneously because the 0.61 GHz signal path is limited to a 4 MHz total bandwidth in order to avoid intense radio frequency interference (RFI) at nearby frequencies. Two of the VLBA's eight IFs 8 were used to record at 0.61 MHz; the remaining six were recorded at 0.33 GHz. Dual polarization was recorded (one polarization per baseband convertor) so the total bandwidth at 0.61 GHz was 4 MHz, while at 0.33 GHz it was 12 MHz. Data were recorded using two-bit sampling to improve the sensitivity of these observations. In order to increase u-v plane coverage, we cycled through the sources, observing each source for 4 minutes per cycle. The total time on source was typically 25 minutes. At these frequencies, RFI can be a substantial problem and considerable editing of the data was necessary.
Observations at 1.6 GHz were recorded in dual polarization mode using four 4 MHz IFs and two-bit sampling yielding a total bandwidth of 16 MHz. In order to increase u-v plane coverage, we cycled through the sources, observing each source for 3 minutes per cycle. The total time on source was typically 15 minutes.
Dual polarization observations at 2.3 and 8.4 GHz were recorded simultaneously in order to optimize observing time, i.e., two 4 MHz IFs are recorded simultaneously at each frequency. However, due to a setup error in the observing schedule, only one of the 2.3 GHz IFs could be correlated. Thus, our dual polarization observations had a total bandwidth of 8 MHz at 8.4 GHz, but only 4 MHz at 2.3 GHz. Once again in order to increase u-v plane coverage, we cycled through the sources, observing each source for 3 minutes per cycle. The total time on source was typically 12 minutes.
Restoring beams were typically about 45 ; 25 mas at 0.33 GHz, 25 ; 12 mas at 0.61 GHz, 7 ; 6 mas at 1.6 GHz, 5 ; 4 mas at 2.3 GHz, and 1:5 ; 1 mas at 8.4 GHz. Theoretical thermal noise levels in the images are approximately 1.9 mJy beam À1 at 0.33 GHz, 3.3 mJy beam À1 at 0.61 GHz, 0.3 mJy beam À1 at 1.6 GHz, 0.7 mJy beam À1 at 2.3 GHz, and 0.6 mJy beam À1 at 8.4 GHz. Actual noise levels are typically a factor of 2-3 worse.
Calibration of the data presented here was performed in the standard fashion within the NRAO Astronomical Image Processing System (AIPS; Greisen 1988; Bridle & Greisen 1994) . The data were then exported and imaged using the Caltech Difmap imaging program (Taylor et al. 1996; Shepherd 1997) . Details of the calibration and imaging of the RRFID data can be found in Fey & Charlot (2000) and references therein.
RESULTS
Figure 1 presents total intensity contour plots for 28 scintillating and 21 nonscintillating MASIV sources, and Table 2 lists the parameters of these total intensity images. Following the source name and frequency of observation, the next three columns list the major axis, minor axis, and position angle of the beam. The next two columns list the peak and rms flux density of the image. The final column indicates the contour levels used for each image.
Gaussian models were fitted to the self-calibrated total intensity visibility data using the Caltech Difmap package. The results of the model fitting are listed in Table 3 . After the source name the following items are listed: observation frequency, component number; total component flux; distance of component from core; orientation of component with respect to the core component; length of major axis of component; axial ratio of component (1 for circular component); and orientation of major axis of component. Ojha et al. (2004a) found a highly significant difference in the core dominance of scintillating and nonscintillating sources. In order to test whether this difference holds for the sources in our sample, following the analysis of Ojha et al. (2004a) , we estimate the core dominance of the sources by calculating a ''core Table 2 lists the image parameters, and Table 3 lists the results of fitting Gaussian models to the visibility data used to generate these images. The scale of each image is in milliarcseconds. The FWHM Gaussian restoring beam applied to the images is shown as a hatched ellipse in the lower left of each panel. Note.- Table 2 is also available in machine-readable form in the electronic edition of the Astrophysical Journal Supplement. a The restoring beam is an elliptical Gaussian with FWHM major axis a and minor axis b, with major axis in position angle (measured north through east). b The root mean square (rms) of the residuals of the final hybrid image. c Contour levels are represented by the geometric series 1, : : : , 2 n , e.g., for n ¼ 5 the contour levels would be AE1, 2, 4, 8, 16, and 32. fraction,'' which is the ratio of core flux density to total flux density defined as
where S i is the flux density of the ith CLEAN component. Thus, core flux density is defined as the sum of the CLEANed flux density within one synthesized beam and the total flux density is defined as the total CLEANed flux density (i.e., the sum of all CLEAN components).
In order to make a direct comparision with the results of Ojha et al. (2004a) we calculate the core fraction only at 8.4 GHz. At 8.4 GHz there are 42 images equally divided between scintillators and nonscintillators. Although most of the nonscintillators (18/21) overlap with the sample of Ojha et al. (2004a) , almost half the scintillators (9/21) are different, so it is worthwhile repeating this test here.
The scintillating (nonscintillating) sources have mean core fraction of 0.89 (0.66) with median value of 0.92 (0.62). A Kolmogorov-Smirnov (K-S) test (Press et al. 1992; Kolmogorov 1933; Smirnov 1936 ) reveals that there is over 99% chance that both these samples are derived from different core fraction populations. Thus, the present observations further confirm the results of Ojha et al. (2004a) that scintillators are significantly more core dominated than nonscintillators. More comprehensive analysis, including an assessment of the role of scattering in explaining this difference, is the subject of future work.
SUMMARY
We have presented milliarcsecond scale images at up to seven frequencies for 49 scintillating and nonscintillating extragalactic radio sources selected from the MASIV survey. These data, assembled from our own observations and existing observations from the RRFID, provide a large sample for the study of angular broadening in both types of sources. They also expand the available milliarcsecond scale morphological information on scintillating and nonscintillating sources. A companion paper uses these observations to assess the impact of scattering on these sources. Notes.-The models fitted to the visibility data are of Gaussian form with flux density S and FWHM major axis a and minor axis b, with major axis in position angle (measured north through east). Components are separated from the (arbitrary) origin of the image by an amount r in position angle , which is the position angle (measured north through east) of a line joining the components with the origin. Table 3 is also available in machine-readable form in the electronic edition of the Astrophysical Journal Supplement.
